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1.0 SUMMARY 

This document provides a set of preliminary entry guidance and autopilot soft- 
ware formulations for use in the Mission Control Center (MCC) entry processor. 
These software formulations meet all level B requirements as specified in refer- 
ence 1 . 


2.0 INTRODUCTION 


This internal note presents the level C software formulations requirements for 
the entry guidance and the simplified autopilot that will be used by the MCC 
entry processor. Revision 2 incorporates the modifications required to function- 
ally simulate optional TAEM targeting capability (OTT). Implementation of this 
logic in the MCC must be coordinated with flight software OTT implementation (CR 
12848H) and MCC TAEM guidance OTT (Revision 2 to MCC Level C Formulation Require- 
ments for TAEM Guidance and Flight Control; JSC IN 76-FM-87). The entry guidance 
logic is based on the Orbiter avionics entry guidance software as described In 
reference 2. 'his MCC requirements document contains a definition of coordinate 
systems (3.2), a list of parameter definitions for the software formulations 

(3.3) , a description of the ent -y guidance detailed formulation requirements 

(3.4) , a description of the detailed autopilot formulation requirements (3*5), 
a description of the targeting routine (3.6), and a set of formulation flow 
charts (appendixes A through C) . 


3.0 SOFTWARE FORMULATION REQUIREMENTS 


3 . 1 INTRODUCTION 

The entry guidance system is the source of the bank angle and angle-of-attack 
commands used to control the entry trajectory. The entry guidance can be called 
by one of two means, either in the normal mode to generate a complete entry 
trajectory or as a part of the iterative targeting mode in the entry target gen- 
eration (ETG) subphase of the deorbit processor. This logic will be discussed 
in section 3.4. 

The autopilot generates the Orbiter attitude response to the entry guidance 
commands. This is accomplished by means of a simple phase plane in the bank 
angle and angle-of-attack axis. The sideslip angle ( ) is always assumed to be 
zero. This logic is discussed in section 3-5. 

The targeting logic generates the range and heading information to the targeted 
runway and is used by the entry guidance and the deorbit processor. This logic 
is described in section 3.6. 
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3.2 COORDINATE SYSTEMS 

Two basic coordinate systems are assumed by the software formulations described 
in this document. The state vector is assumed by the targeting routine (EGRT) 
to be in the Greenwich true-of-date system as defined in figure 3*2-1. The 
runway coordinate system is defined in figure 3*2-2 and is used by EGRT. The 
bank command and the angle-of-attack command generated by the entry guidance and 
executed by the autopilot are attitudes defined with respect to the Earth rela- 
tive velocity vector. 


3.3 PARAMETER LISTS AND DEFINITIONS 

A complete list of all parameters used in the entry guidance, autopilot, and 
targeting routine is presented with appropriate definitions. Tables 3*3-1 and 
3.3-2 present the input data for the entry guidance. Table 3*3-3 presents a 
list of the internal parameters for entry guidance. Table 3 .3—^ , 3*3-5, and 
3*3-6 present the same data for the autopilot and tables 3*3-7, 3*3-8, and 
3*3-9 present the data for the targeting routine. 


3.4 ENTRY GUIDANCE FORMULATION 


3.4,1 Requirements Overview 

The entry guidance is the source for bank and angle-of-attack commands that are 
used to control the entry trajectory. The entry guidance can be called by 
either of two modes. If the entry guidance flag (EGFLG) is set to zero or one, 
a normal entry guidance function is exercised, which will duplicate the Orbiter 
avionics entry guidance function. This mode will be used to simulate an entry 
trajectory and will also be used in the final iteration mode of the entry target 
generator (ETG) processor. The second mode (EGFLGs2) is used in the entry 
processor to simulate an entry based on a "canned" drag profile for the ETG 
targeting processor. 

In the normal mode (EGFLG=0), the entry guidance controls the entry trajectory 
by bank angle modulation while using a preselected angle-of-attack profile that 
is a function of relative velocity. Range predictions are based on solutions to 
the equation of motion for a specified entry drag-velocity profile. The drag- 
velocity profile, the shape of which is specified by the mission constants 
table, consists of quadratic, pseudoequilibrium glide, linear, and constant drag 
segments . Downrange errors are nulled by changing the magnitude of the bank 
angle, and crossrange errors are nulled by bank angle reversals that limit the 
crossrange error within a converging deadband. This mode begins at 400 000 feet 
and ends at TAEM interface, relative velocity = VTA'UM. 

In the ETG canned mode (EGFLG=2), the entry guidance controls the entry 
trajectory to a predefined drag- velocity profile. The entry simulations begin 
at 400 000 feet and are terminated after the pullout maneuver has been completed 
and the flight profile stabilized on the drag velocity profile at exactly 23 000 
ft/sec relative velocity (VETG) . 
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In the normal mode, the entry guidance consists of five major phases; the 
preentry phase, the temperature control phase, the equilibrium glide phase, the 
constant drag phase, and the transition phase, as shown in figure 3. 4, 1-1. 

The preentry phase maintains the vehicle attitude until a predetermined total 
load factor level is reached (ASTART). During this phase, the vehicle is 
maintained in a three-axis attitude hold mode. This attitude is specified by 
the flight controller as MM 304 <)>, a, and B. This phase is terminated at 5.66 

ft/sec^ total acceleration level and the temperature control phase is entered. 

The temperature oontrol phase is designed to control the entry trajectory 
through pullout to a temperature profile consistent with the overall entry pro- 
file shape optimization and entry ranging requirements. This phase consists of 
two quadratic drag-velocity segments that are used to optimize the entry pro- 
file. Range predictions are based on analytic solution of the equations of mo- 
tion for these two segments. This phase is terminated at the velocity, VB1, 
specified in the mission constants table, and the guidance is transferred to the 
equilibrium glide phase at this point. 

The equilibrium glide phase produces an equilibrium glide type trajectory, con- 
sistent with the ranging solution, until the equilibrium glide trajectory inter- 
sects the constant drag trajectory required to reach the target. At this point, 
control is transferred to the constant drag phase, and range predictions are 
based on a constant drag profile until the transition phase is entered. At a 
specified velocity, VTRAN, (mission constants table), control is transferred to 
the transition phase. The transition phase is based on a linear drag profile, 
as .a function of energy, which is required to null the range error. The transi- 
tion from the entry guidance to the TAEM guidance occurs at a velocity, VTAEM, 
specified in the mission constants table. Presently, this transfer point i3 at 
an Earth -relative velocity of 2500 ft/sec.. 

The entry guidance generates bank angle and angle-of-attack commands to be used 
by the autopilot. The bank angle commands are designed to converge the actual 
drag acceleration level to the reference drag- velocity profile, described above, 
that is consistent with the ranging solution. The bank angle command is 
generated from a vertical L/D command which is a function of a reference L/D, 
the difference between drag and drag reference, and the difference between alti- 
tude rate and altitude rate reference. The angle-of-attack profile is a func- 
tion of Earth-relative speed and consists of a series of linear and quadratic 
segments. The angle-of-attack profile is controlled through inputs in the mis- 
sion constants table. A complete derivation of all entry guidance equations can 
be found in reference 3. 


3.4.2 Entry Guidance Executive (EGEXEC) 

The EGEXEC function calls the other entry guidance functions in proper sequence 
and controls guidance phase transitions. In the normal mode EGFLG=0 or 1, entry 
guidance is divided into five phases: preentry, temperature control, equilibrium 

glide, constant drag, and transition. Each phase, except preentry, computes a 
reference drag acceleration profile that is based upon the ranging requirement 
and the vehicle constraints. 
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The computations performed during each guidance cycle vary with the guidance 
phase. The aotive guidance phase is defined by the integer variable ISLECT ac- 
cording to the following table. 

ISLECT Guidance Phase 

1 Preentry 

2 Temperature oontrol 

3 Equilibrium glide 

4 Constant drag 

5 Transition 

The entry guidance phase transfer logic is summarized in table 3.4.2. 

The preentry phase commands a preselected bank angle in the EGPEP function. The 
preentry phase (ISELECT =1) can be terminated by any of three conditions. 

a. Normal termination: The preentry phase is normally terminated at 5.66 

ft/sec^ by setting the ISLECT Flag to 2 when the total acceleration exceeds 
the threshold value of ASTART ft/sec^. 

b. Alternate termination: If, at the threshold load factor level, the current 

. constant drag level to reach the target is greater than the desired constant 
drag level (ALFM), ISLECT is set to 4. This could occur for an extremely 
short range case. 

c. Threshold load factor level: If the current relative velocity is iess than 

VTRAN , ISLECT is set to 5. 

The temperature control phase (ISLECT - 2) computes the required drag velocity 
profile during the high-temperature region of entry. The functions EGRP and 
EGREF contain the detailed temperature control equations used by the entry guid- 
ance. During the temperature control phase, the drag-velocity reference 
trajectory is divided into two "uadratic segments. Function EGREF determines 
which of these quadratics is to be used. Figure 3. 4. 2-2 presents example qua- 
dratics for this phase. The quadratic for the higher velocity region is used 
when 

VF > VA1 , and 

DRF = (DREF(2) - DREF(O) (DREF(2) - DREF(1 ) ) + (HDTRF(I) - HDTRF(2) GS1 ) > 0 

where DREF(1), HDTRF(I), DREF(2), and HDTRF(2) are all computed in EGREF. If 
either test is failed, then the reference parameters RDTREF and DREFP computed 
for the lower velocity drag profile are used. The quadratic segment switching 
point is controlled by the mission load parameter GS1 . The quadratic switching 
logic, in the EGREF function, is similar to that used for guidance phase 
transitions . 
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The temperature control phase can be terminated In four ways: 

a. Normal termination: The temperature control phase normally transfers to the 

equilibrium glide phase, ISLECT = 3. Transfer is planned to occur when the 
drag reference profiles for the temperaturo control phase and the equilibri- 
um glide phase intersect, as illustrated in figure 3 • ^ • 2—3 . However, if the 
slopes of the two intersecting profiles are different, the bank-angle com- 
mand may jump at the transfer point. Bank-smoothing logic provides a smooth 
roll-angle command history for minimum RCS fuel usage by transferring phases 
when the commanded bank angle is the same for both phases. This transition 
occurs before the intersection point of the drag profiles and is accom- 
plished by use of the following equation: 

If VE < VA, and 

DREFP < DREFP3 

then: 

ISLECT = 3 

where DREFP3 = DREFP1 + GS2 (RDTREF - RDTRF1), and DREFP3 is computed in the 
EGREF function. The value of GS2 determines the transfer point. 

b. Alternate termination: The guidance transfers to phase 3 when VE < VB1 if 

the bank-smoothing logic has not been satisfied by that time. Thus, If 

VE < VB1 , then ISLECT = 3 . 

c. Alternate termination for short ranges: For very short range targets, the 

desired constant drag level may be reached before equilibruim glide phase 
initiation. In this case, control is transferred directly from the tempera- 
ture control phase to the constant drag phase 

(ISLECT = 4) when 

VE < VCG + DELV, and 

DREFP > DREFP4 

where DREFP4 = T2 + GS3 ( RDTREF + 2 HS T2/VE) , and DREFP4 is computed in 
EGREF . Bank command smoothing is provided through the constant GS3 . 

d. Extremely short range termination: Transition to phase 4 occurs 

If T2 > ALFM 
then: 


ISLECT = 4 

where T2 is computed in EGCOMN. 


5 
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The equilibrium glide phase (ISLECT = 3) shapes the drag velocity profile so 
that the constant drag level to reaoh the target converges on the desired con- 
stant drag level, ALFM. The functions EGRP and EGREF contain the equilibrium 
glide equations. There are three possible transfers from the equilibrium glide 
phase : 

a. Normal termination: The equilibrium glide phase transfers to the constant 

drag phase, ISLECT = 4. Bank- smoothing logic is provided by the constant 
GS3. Transfer occurs when 

VE < VCG + DELV , and 

DREFP > DRE 1*4 

where DREFP4 s T2 + GS3 (RDTREF + 2 HS T2/VE) 
and is again compute! in EGREF. 

b. Alternate termination: For very long-range trajectories, the predicted ve- 

locity at the intersection o r the equilibrium glide and constant drag phases 
is less than the transition phase initiation velocity, VTRAN. When this 
occurs, the equilibrium glide phase transfers directly into the transition 
phase , ISLECT = 5 . The transition to phase 5 occurs when 

VE < VCG + DELV, irJ 

VCG < VTRAN, and 

DREFP > DREFP5 

where DFEFP5 * DF + {EFF - EEF4) Cl + GS4 (RDTREF - RDTRFT) is computed in 
EGCOMN. The variables EEF, Cl, and RDTRFT are also computed in EGCOMN. As 
in other phases, bank-smoothing logic is provided by the mission load con- 
stant GS4 . 

c. Alternate termination: For extremely short ranges, as in the temperature 

control phase, transition to the constant drag phase (ISLECT = 4) occurs if 

T2 > ALFM 

where T2 is again computed in EGCOMN. 

The constant drag phase (ISLECT = 4) shapes the entry profile along a constant 
drag velocity profile to maximize the control system margins. Function EGREF4 
contains the constant drag range prediction and controller equations. The con- 
stant drag phase terminates and transfers to the transition phase (ISLECT =5) 
at a predetermined time before the transition energy level, ETRAN. Transfer 
occurs when 


6 
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where DREFP5 = DREFP 5 in the equilibrium glide phase and the computed in EGCOMN. 

The transition phase is the final entry phase and is used to steer the Orbiter 
to the proper TAEM interface conditions. The transition phase and entry guid- 
ance are terminated at the start of the TAEM major mode. The entry- to-TAEM tran 
sition logic is defined by 

If (I ELECT i 1 and VE < V_TAEM) then EGJEND = 1 

To execute the entry guidance computations properly, the following functions 
mup*-. be called in tin* sequence shown: 

a. The EGSCALEHT function is called, 

b. On the first entry guidance pa_j (START 5 0), EGINIT is then executed. 

c. The EGCOMN function is called. 


d. The phase transition logic for the preentry phase (I 3 LECT = 1 ) and the first 
alternation termination test for the temperature control phase (if VE < VB 1 , 
then ISLECT s 3) are executed within EGEXEC. The tests to transfer to phase 
4 if T2 > ALFM are aJso made at this time. 

The functions next called depend on the value of ISLECT: 

If ISLECT s 1 , then perform EGPEP 

If ISLECT = 2 or 3j then perform EGRP, and then EGREF 
If ISLECT = 4, then perform EGREF4 
If ISLECT = 5, then perform EGTRAN 


After these functions have been executed, the remainder of the phase transition 
logic may be performed within EGEXEC at any time. The output commands are then 
computed by calling EGALPCMD (angle-of-attack command) and the sequence 
EGGNSLCT, EGLODVCMD, and EGROLCMD (bank-angle command). If ISLECT = 1, 

EGGNSLCT and EGLODVCMD are bypassed; and only EGALPCMD and EGROLCMD are called. 
For all values of ISLECT, either the angle-of-attack or bank-angle command may 
be computed first. The entry guidance execution sequence is summarized in fig- 
ure 3 . 4. 2-4, 

In the ETG "canned" mode EGFLG = 2, ISLECT is never allowed to be greater than 2 
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3.4.3 Entry Guidanoe Scale Height (EOSCALEHT) 

The guidance function EGSCALEHT generates an altitude scale height (of 
atmospheric density) modeled on the 1962 standard atmosphere. This parameter is 
used in calculating the altitude rate reference term 


/ 2D D cd\ 

RDTRF s -HS 

\VE D cd j 


where D = drag acceleration 

W 

D = time derivative of D 

cd = drag coefficient 
* 

cd = time derivative of cd 

Empirical curve fits of the altitude scale height, HS, as r function of relative 
velocity, Ve, have been implemented into the entry guidance. 


3.4.4 Entry Guidance Initialization (EGINIT) 

The guidance function EGINIT serves as the initialization routine for entry guid' 
ance . In this routine initial values are set and parameters calculated only one 
time are computed. 


3.4.5 Entry Guidance Common Computation (EGCOMN) 

The entry guidance contains several parameters used continuously throughout the 
guidance program. These are computed in EGCOMN and are such parameters as 
energy, EEF, the constant drag level to reach the target (T2), and the rate of 
change of T2, T2D0T. 


3.4.6 Entry Guidance Preentry Phase (EGPEP) 

In the Orbiter avionics system, the purpose of EGPEP is to generate a vertical 
L/D command (LODV) by means of the ILCwD parameter PREBNK. However, in order 
for the MCC to simulate either an automatic or manual preencry phase, the LODV 
equation in the Orbiter avionics system should be replaced by the bank-angle 
input in MM 304 4* by the flight controller. Also, the angle-of-attack command 

issued in EGALPCMD should be overridden by MM 304a. The preentry phase, ISLECT 
= 1 , is terminated by EGEXEC at a sensed total acceleration level equal to 
ASTART (currently 5.66 ft/3ec^). 


8 
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3.4.7 Ehtry Guidance Range Prediction (EGRP) 

THE EGRF function serves as the range predictor during the temperature control 
and equilibrium glide phases. The range prediction is then used to determine 
the proper drag level during phases 2 and 3 to achieve the desired range at the 
entry-TAEM interface is only called when ISLECT is equal to 2 or 3. 

i order to determine the proper drag-velocity profile for range control, a 
range prediction is made of the entire entry trajectory. This is accomplished 
by using five drag-velocity segments; two during the temperature control phase, 
one during the equilibrium glide phase, one during the constant drag phase, and 
a constant range value during the transition phase. The temperature control, 
equilibrium glide, and constant drag phase range segments are computed in EGRP. 
The range value for transition, RPT, is computed in EGINIT and is constant in 
order to provide a nominal transition range at the transition interface, VTRAN. 
Or,C' the transition phase is entered, the transition range prediction is 
raciified in the EGTRAN function to meet the range requirements. 

The drag-velocity segments during the temperature control, equilibrium glide, 
and constant drag phases are anchored at specific velocity points as illustrated 
in figure 3. 4. 7-1. 

The range for the temperature control phase i3 predicted along two quadratic 
drag-velocity segments anchored at VB1 and at VA1. For the equilibrium glide 
segment, the range is predicted between VB1 and VCC, the computed intersection 
point between the equilibrium glide phase and constant drag phase; and for the 
constant drag segment, the range is predicted between VCG and VQ. In all cases, 
the- entire drag-velocity profile is anchored at a drag level of D23 at a veloc- 
ity of VB. During the temperature control phase, VB is defined as VB1 ; and dur- 
ing the equilibrium glide phase, VB is defined as the current relative velocity. 
There fore , 

If VE > VB1 VB = VB1 

If VE < VB1 VB = VE 

In the equilibrium glide phase, as the drag profile approaches the desired con- 
stant drag level, the locus of the equilibrium glide drag reference parameter 
may wander from a precise equilibrium glide profile shape trying to drive T2 to 
precisely ALFM, the desired constant drag level. In order to provide a more 
uniform equilibrium glide drag profile at the function point between the equilib- 
rium glide and the constant drag phases, the equilibrium glide reference profile 
is "frozen" when the rate of change of T2 is near zero. This is illustrated in 
figure 3. 4. 7-2. This is accomplished by freezing VB at the current value of VE 
when T2D0T becomes less than DT2MIN and when VE is less than VCG + DELV. 

If EGFLG is equal to 2, ETG canned mode, the ranging iteration of D23 is by- 
passed and D23 is set equal to D23C in order to provide a "canned" drag veloc- 
ity profile for the ETG mode. 


9 
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3.4.8 Entry Guidance Reference Parameters (EGREF) 

In order to control the Orbiter to the desired drag-velocity profile required 
for range control, a bank angle command is generated from a vertical L/D command 
equation. This vertical L/D command equation consists of actual and reference 
parameters . The function of EGREF is to generate the drag reference , the alti- 
tude rate reference, and the phase dependent part of the L/D reference parameter 
for the temperature control and the equilibrium glide phase. This function is 
only called when ISLECT is equal to 2 or 3. 


3.4.9 Eintry Guidance Constant Drag Phase (EGREF4) 

The purpose of the EGREP4 function is to generate the drag reference, the alti- 
tude rate reference, and the phase dependent part of the L/D reference for the 
constant drag phase. This function is called only when ISLECT is equal to 4. 


3.4.10 Entry Guidance Transition Phase (EGTRAN) 

The transition phase function EGTRAN computes the range potential from the drag 
reference level at the end of the constant drag phase to the transition phase 
end target conditions, DF and EEF4, and then computes the correct drag-energy 
profile to null any range error. EGTRAN also computes the controller reference 
parameters: drag reference, altitude rate reference, and the phase dependent 
part of L/D reference. This function is called only when ISLECT is equal to 5. 


3.4.11 Entry Guidance Angle-Of-Attack Function (EGALPCMD) 

The EGALPCMD function generates the angle-of-attack command for the flight con- 
trol system. The angle-of-attack profile commanded by the entry guidance is a 
preselected profile established by means of mission dependent constants. The 
entry velocity regime is divided into NALP+1 segments, and the commanded angle 
of attack in each segment is defined by a quadratic function of relative veloc- 
ity. Figure 3.4.11-1 3hows a typical angle-of-attack command profile and illus- 
trates the flexibility available in the profile selection. 


3.4.12 Entry Guidance Gain Selection Function (EGGNSLCT) 

THE EGGNSLCT function computes the drag error gain, C16, and the altitude rate 
error gain, C17, in the controller vertical L/D commmand equation. These gains 
are a function of the actual drag acceleration level and the difference between 
drag and drag reference. 
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3.4.13 Entry Guidance Lateral Logic and Vertical L/D Command Function 
(EGLODVCMD ) 

The purpose of the EGLODVCMD function is to: 

Compute the L/D reference parameter, ALDREF 

Compute a R feedback term to correct drag error biases caused by poor navi- 
gation (DLRDOT) 

Compute the vertical L/D command from the controller equation: 

LODX = ALDREF + C16 (DRAG - DREFP) + C17 (RDTRF + DLRDOT - RDOT) 

Perform a velocity check to see if angle-of-attack modulation should begin 
in order to keep drag on the drag reference profile. 

Compute the bank angle limit LMH and finally to compute the bank direction, 
RK2ROL. 


3.4.14 Entry Guidance Bank Command Function (EGROLCMD) 

The purpose of the EGROLCMD function is to generate a bank command for the auto- 
pilot and a bank reference parameter for display. The bank command is computed 
from the vertical L/D command parameter and the bank reference is r puted from 
L/D reference. If the angle-of-attack modulation flag, ICT, is equal to one, a 
batik command bias is computed as a function of the ALPHA difference with respect 
to the nominal ALPHA schedule. 


3.4.15 Entry Guidance Data Flow Summary 

The data flow charts (figs. 3.4.15-1 and 3.4.15-2) present the data flow of all 
computed and stored parameters within the entry guidance. 


3-5 ENTRY AUTOPILOT FORMULATION 


3-5.1 Requirements Overview 

A simple 3-degrees-of-freedom autopilot Is required to execute the bank and 
angle-of-attack commands generated by the entry guidance. The autopilot require 
ments are the same for both of the entry guidance modes. 

The autopilot, by means of a simple phase plane, generates the actual bank angle 
and angle of attack based on a maximum acceleration and rate limit in the bank 
and pitch channels. The sideslip angle (0) is always assumed to zero. 

The entry guidance generates a bank and angle-of-attack command necessary to con 
trol the trajectory. The autopilot generates the Orbiter attitude response to 
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these commands over the next computer cycle (2.0 seconds) ignoring the high fre- 
quency dynamics. Based on the attitude response characteristics, the autopilot 
determines if the commanded attitude can be achieved during the next computer 
cycle, and if commanded attitudes cannot be achieved, the autopilot determines 
the achievable attitude at the end of the computer cycle. If the attitude can 
be reached within the computer cycle, a deadband attitude and rate is estab- 
lished about the commanded attitude. This new attitude is then used to compute 
the trajectory dynamics and the accelerations for the next integration step dur- 
ing entry. 


3.5.2 Autopilot Executive (DAP3D) 

The autopilot executive routine, DAP3D, is the driver routine for the simplified 
autopilot phase plane, PHSPLN. Assuming a 4-pass Runge-Kutta integrator, PHSPLN 
is called on the first and third pass by means of the pass counter ICTTRN. 

ROLPLN and PCHPLN are entry points for the generalized routine PHSPLN and are 
called for bank attitude control and angle-of-attack control, respectively. 

DAP3D also computes the Orbiter attitude with respect to the velocity vector, 
bank, sideslip and angle of attack. These attitudes are then used in the genera- 
tion of the body to Inertial coordinate system transformation matrix. Table 
3.3-4 presents the inputs to the autopilot. Table 3.3-5 presents the outputs 
and table 3-3-6 presents the internal parameter definitions. Appendix B pres- 
ents the formulation flow charts, and appendix D presents the IBM structured 
flow charts for the autopilot. 


3.5.3 Autopilot Phase Plane (PHSPLN) 

The PHSPLN routine is a simplified phase plane that is used to generate the 
Orbiter bank and angle-of-attack attitude. The routine PHSPLN has two entry 
points, ROLPLN and PCHPLN that update the bank and angle of attack attitudes re- 
spectively. The phase plane logic uses an acceleration level, RA or PA, a maxi- 
mum rate, RRM or PRM and an attitude deadband RADB or PADB and a bank or angle- 
of-attack error to determine the current Orbiter attitude. A variable, ICPPLN, 
has been added to allow the- calling frequency of the routine per integration At 
to be selected by the user. 


3.5.4 Autopilot Data Flow Summary 

The data flow charts (figs. 3. 5. 4-1 and 3 *5. 4 -2) present the data flow of all 
computed and stored parameters with the autopilot. 


3.6 TARGETING ROUTINE (EGRT) 

The targeting routine, EGRT, computes the great circle range from the Orbiter to 
the runway threshold point via the heading alinement cone (spiral in ground 
plane) . This is accomplished by determining the tangent point on the heading 
alinement cone of a vector from the vehicle to the alinement cone. This tangent 
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point is converted into an Barth- fixed position vector, and the great circle 
range to target i3 computed between the vehicle and thin tangent point. The arc 
length is then computed from the tangent point around the alinement cone to WP1 , 
the straight in approach point. The range to target is then computed as the sum 
of the great circle range to the tangent point, the arc length around the 
alinement cone, and the distance between WP1 and the runway threshold point. The 
azimuth error is computed as the difference between the vehicle Earth-relative 
azimuth and the heading to the heading alinement tangent point. Change 8 incor- 
porates the required modifications to the targeting logic for optional TAEM 
targeting (OTT) capability. This capability allows selection of either an 
overhead (far HAC initially) or straight-in (nearest HAC) approach for both pri- 
mary and secondary runways independently by MED input. The desired mode is 
obtained by setting the input flag OVHD to one or zero to to obtain either an 
overhead or straight- in approach, respectively. This flag is a two-element 
array where the first element denotes primary runway and second element denotes 
secondary runway (secondary is required only for midtargeting and redesignation 
options). The selected runway designation flag (RWID) is required as input for 
proper initialization at time of redesignation. RWID = 1 if the primary runway 
is selected and RWID = 2 if a redesignation to the secondary runway has 
occurred. The velocity to switch HAC targeting overhead status is nominally 
zero but may be input via MED to simulate a manual HAC toggle during the entry 
trajectory. The midpoint targeting is needed to minimize the delta range and az- 
imuth error for a redesignation due to low altitude winds. Midpoint targeting 
is accomplished by targeting to both primary and secondary runways and averaging 
the range and azimuth error values and is terminated when 

a. The crew selects the desired runway 

b. The relative velocity satisfies a preset velocity limit and the primary 
runway is selected by default 

The flow charts for the targeting routine are found in appendix C and are 
subdivided into the following functions: 


3.6.1 EGRT-EXEC, Targeting Executive Logic 

This routine performs the necessary initialization of targeting parameters and 
calls the EGRT sequence controller. If midpoint targeting is active, the EGRT 
sequence is recycled for the secondary runway, and the resulting ranges and azi- 
muth errors are averaged. The EGRT sequence controller executes the following 
subfunctions for the specified input argument list. 


3.6.2 EGRT-CHACRC, Center of Heading Alinement Cone - Runway Coordinates 

This routine computes the position of the center of the heading alinement cone 
in runway coordinates. 
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3.6.3 EGRT-CHACRC, Center of Heading Alinement Cone in Earth-Fixed Coordinates 

This function transforms the center of the heading alinemenb cone vector to the 
Earth- fixed coordinate system. 


3.6.4 EGRT-BV, Bearing of the Vehicle 

This function computes the bearing of the vehicle based on the current vehicle 
Earth- fixed position vector. 


3.6.5 EGRT-BVCHAC, Bearing to Center of the Alinement Cone 

This function computes the bearing from the vehicle to the center of the heading 
alinement cone. 


3.6.6 EGRT-COSTHETA, Great Circle Arc 

This function computes the great circle arc between the vehicle and the center 
of the heading alinement cone. 


3.6,7 EGRT-DWP1 , Distance to WP1 

This function computes the range to the tangency point on the heading alinement 
cone. 


3.6.8 EGHT-DVNEP, Range- to-Threshold Point 

This function computes the heading to the tangency point on the heading 
alinement cone, the distance around the alinement cone, and the final range to 
the runway threshold point. 


3.6.9 EGRT-DELAZ, Azimuth Error 

This function computes the azimuth error between the vehicle heading and the 
heading to the tangency point of the alinement cone. 
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TABLE 3.3-1.- ENTRY GUIDANCE INPUT DATA 
(a) Input parameters 


Symbol 

Description 

Source 

Unit 

ALPHA 

Angle of attack 

Autopilot 

deg 

DELAZ 

Current azimuth error 

EGRT 

rad 

DRAG 

Current drag acceleration 

State vector 

ft/sec 2 

EGFLG 

Guidance mode flag 

Entry processor 
executive 

n.d. 

HLS 

Altitude above runway 

State vector 

ft 

LOD 

Current lift/ drag ratio 

Aerodynamics 

n.d. 

RDOT 

Current oblate Earth altitude rate 

State vector 

ft/sec 

ROLL 

Current bank angle 

Autopilot 

rat 

START 

Initialization flag 

Entry processor 
executive 

n.d. 

TRANGE 

Current range to runway 

EGRT 

n. mi. 

VE 

Current relative velocity 

State vector 

ft/sec 

VI 

Current inertial velocity 

State vector 

ft/sec 

XL FAC 

Current load factor 

Aerodynamics 

ft/sec 2 

MM304$ 

Preentry bank angle 

Med input 

deg 

MM304a 

Preentry angle of attack 

Med input 

deg 

MEP 

Left-hand HAC select flag 

n.d. 
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Symbol 

Description 

Value 

Unit 


Range 

Class 

ACLAM1 

Maximum a constant 

15.0 

deg 

0 

to x 1000 

f 

ACLAM2 

Maximum ct constant (f(VE)) 

0.0025 

deg-sec/ft 

0 

to + 10 

f 

ACLIH1 

Minimum a constant 

37.0 

deg 

0 

to + 1000 

r 

ACLIM2 

Minimum a constant tf(VE)) 

0. 

deg-sec/ft 

0 

to + 10 

f 

AC LI M3 

Minimum a constant 

7.6666667 

deg 

0 

to + iaoo 

r- 

ACLIM4 

Minimum a constant Cf(VE)} 

.00223333 

deg-sec/ft 

G 

to + 10 

f 

ACN1 

Tims constant for K feedback 

50 

sec 


— 

Mission (n) 

AK 

Factor In dD/dV for temperature control 
guidance used to define C23 

-3.4573 

n.d* 

0 

to + 100 

m 

AK1 

Factor in dD/dV for temperature control 
guidance used to define C23 

-4.76 

n.d. 

0 

to + TOO 

m 

ALFM 

Desired constant drag level 

33-0 

ft/sec 2 

0 

to + 50 

a 

AUM 

Maximum sensed acceleration in transition 

70.84 

ft/sec. 2 


- 

fixed <f) 

ALMNl 

Maximum L/D command outside of heading 
error deadband 

0.7986355 

n.d. 


- 

f 

ALMH2 

Maximum L/D command inside of heading 
error deadband 

0.9659258 

n.d- 


- 

f 

ALMN3 

Maximum L/D command below VELMN 

0.93969 

n-d. 


- 

f 

ALMN4 

Maximum L/D command above VYLMAX 

1.0 

n.d* 


- 

f 

ASTART 

Sensed acceleration to enter phase 2 

5.66 

ft/sec 2 


- 

f 

CALPO(I) 

ALPCMD constant term in VE 

19-455 

deg 

0 

to + 1000 

m 

CALPOC2) 

ALPCMD constant term in VE 

-4.074 

deg 

D 

to + 1000 

a 

CALPO(3) 

ALPCMD constant term in VE 

-4.2778 

deg 

0 

to + 1G00 

D 

CALPO(4) 

ALPCMD constant term in VE 

16.398 

deg 

0 

to + 1000 

m 

CALP0(5) 

ALPCMD constant term in VE 

4.476 

deg 

0 

to + 1000 

m 
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TABLE 3.3-1.- ENTRY GUIDANCE INPUT DATA - Continued 
(b; Input constants - Continued 


Symbol 

Description 

Value 

Unit 

Range 

Class 

CALP0C6) 

ALPCHD constant term in VE 

-9.9339 

deg 

0 to + 1000 

ra 

CALP0C7) 

ALPCHD constant term in VE 

40 

deg 

0 to + 1000 

ra 

CALPO(B) 

ALPCMD constant term in VE 

40 

deg 

0 to + 1000 

Cl 

CALPO(9) 

ALPCMD constant term in VE 

40 

deg 

0 to + 1000 

m 

CALPOC 10} 

ALPCHD constant term in VE 

40 

deg 

0 to + 1000 

D 

CALPI(I) 

ALPCHD rate term in VE 

—7763B8E-2 

deg-sec/ft 

0 to +. 10 

m 

CALPK2) 

ALPCHD rate terra in VE 

8 *74771 IE-3 

deg-sec/ft 

0 to + 10 

ra 

CALPK3) 

ALPCHD rate terra in VE 

-8875002E-2 

deg-sec/ft 

0 

n- 

0 

1 + 
•4 

O 

ra 

CALPI(lJ) 

ALPCHD rate term in VE 

-.31431Q9E-3 

deg-3ec/ft 

0 to + 10 

ra 

CALP1C5) 

ALPCHD rate terra in VE 

3.1875M 

deg-sec/ft 

0 to + 10 

m 

CALP1C6) 

ALPCHD rate terra in VE 

6*887436E-*3 

deg-sec/ft 

0 to + 10 

m 

CALP1C7) 

ALDCMD rate terra in VE 

0 

deg-sec/ft 

0 to + 10 

n 

CALPK8} 

ALDCMD rate terra in VE 

0 

deg-3ec/ft 

0 to + 10 

ra 

CALPU9) 

ALDCMD rate term in VE 

0 

deg-aec/ft 

0 to ± 10 

ra 

CALPI(IO) 

ALDCMD rate term in VE 

0 

deg-sec/ft 

0 to + 10 

ra 

CALP2(1) 

ALPCMD quadratic term in VE 

*2152776 E-5 

deg-sec 2 / ft 2 

0 to + 1 

ra 

CALP2C2) 

ALPCMD quadratic terra in VE 

-7-44E-7 

deg-sec 2 /ft 2 

0 to + 1 

ra 

CALP2(3) 

ALPCMD quadratic term in VE 

-0,763BB91E-6 

deg-sec 2 /ft 2 

0 to + 1 

m 

CALP2(4} 

ALPCHD quadratic term in VE 

0*257l456E-6 

deg-sec 2 /ft 2 

0 to + 1 

□ 

CALP2(5) 

ALPCMD quadratic terra in VE 

0 

deg-oec 2 /ft 2 

0 to ± 1 

m 

CALP2(6) 

ALPCMD quadratic terra in VE 

-2. 374978 E-7 

deg~sec 2 /ft 2 

0 to + 1 

m 

CALP2(7) 

ALPCMD quadratic term in VE 

0 

deg- 3 ec 2 /ft 2 

0 to + 1 

m 

CALP2C8) 

ALPCMD quadratic term in VE 

0 

deg-3ec 2 / ft 2 

0 to ± 1 

m 
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TABLE 3*3-1.- ENTRY 

GUIDANCE INPUT DATA - 

Continued 




£b> 

Input constants - Continued 



Symbol 

Description 

Value 

Unit 

Range 

Class 

CALP2(9) 

ALPCMD quadratic term in VE 

0 

deg-3ec 2 /ft 2 

0 to + 1 

B 

CALP2(10) 

ALPCMD quadratic term in VE 

0 

deg-sec 2 /ft 2 

0 to + 1 

m 

CDD0T1 

CD velocity coefficient 

1500 

ft/sec 

- 

f 

CDD0T2 

CD velocity coefficient 

2000 

ft/sec 

- 

f 

CDD0T3 

CD velocity coefficient 

0.15 

n.d. 

- 

f 

CDDQT4 

CD alpha coefficient 

0.0783 

n.d. 

- 

f 

CDD0T5 

CD alpha coefficient 

-8.165E-3 

1/deg 

- 

f 

CDD0I6 

CD alpha coefficient 

6.833E-4 

1/deg 2 

- 

f 

CDD0T7 

CD coefficient 

7.5E-5 

sec/ft 

- 

f 

CDD0T8 

CD coefficient 

13.666E-4 

1/deg 2 

- 

f 

CDD0T9 

CD coefficient 

-8.165E-3 

1/sec 

- 

f 

CHMFS 

Conversion factor from feet to 
nautical miles 

1 .645783E-4 


- 

f 

CRDEAF 

Gain on roll bias for a modulation 

4.0 

n.d 

0 to 10 

a 

CTl6(1) 

Cl6 coefficient 

0.1354 

sec 2 /ft 

- 

f 

CTl6(2) 

C16 power coefficient 

-0.10 

n.d. 

- 

f 

CTl6(3) 

Cl 6 drag error coefficient 

0.006 

sec 2 /ft 

- 

f 

CT170) 

Cl7 coefficient 

1-537E-2 

sec/ft 

- 

f 

0717(2) 

C17 power coefficient 

-5.8146E-! 

n.d. 

- 

f 

CT16MI1 

Minimum value of Cl6 

0.025 

sec 2 / ft 

- 

f 

CT16HX 

Maximum value of Cl6 

0.35 

sec 2 / ft 

- 

f 

CT17JM 

Minimum value of C17 

0.0025 

sec/ft 

- 

f 

CT17HX 

Maximum value of Cl 7 

0.014 

sec/ft 

- 

f 

CT17M2 

Value of CT17MN when ICT = 1 

0*00133 

sec/ ft 

- 

f 
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TABLE 3-3-1.- EHTRX GUIDANCE INPUT DATA - Continued 
( h) Input constants - Continued 


Symbol 

Description 

Value 

Unit 

Range 

Class 

CYO 

Constant term in heading error deadband 

-0,1309 

rad 

- 

f 

CY1 

Slope of heading error deadband wrt VE 

1.G908E-4 

rad-sec/ft 

- 

f 

C17MP 

Mult, factor on C1T 
when ICT ^ 1 

0,75 

n.d 

0 to 2. 

f 

C21 

C20 constant value 

0,06 

1/deg 

0 to * 1000 

m 

C22 

C20 constant value in linear term 

-G.001 

1/deg 

0 to + 1000 

□ 

C23 

C2Q linear term 

4.25E-6 

sec/ft-deg 

0 to + 10 

a 

C24 

C20 constant value 

0.01 

1/deg 

0 to + 1000 

B3 

C25 

C20 constant value in linear term 

0 . 

1/deg 

0 to i 1000 

m 

C2 6 

C20 Linear value 

0 , 

sec/ft-deg 

0 to + 10 

Q 

C27 

C20 constant value 

0 , 

1/deg 

0 to + 1000 

SB 

DDLIK 

Maximum & drag for K feedback 

2*0 

ft/sec 2 

0 to 10 

m 

DDMIK 

Maximum drag error 

0.15 

ft/a*)"!* 

- 

f 

DELV 

Phase transfer velocity bias 

2300 

ft/3ec 

- 

f 

DF 

Final drag value in transition phase 

21.0 

ft/sec 2 

0 to 50 

m 

DLALLH 

Maximum a constant 

43.0 

deg 

- 

f 

DLAPLM 

Limit value for DEL ALP 

2.0 

deg 

- 

f 

D23C 

ETG canned D23 

19.8 

ft/sec 2 

0 to 50 

c 

D230 

Initial value of D23 

19.8 

ft/sec 2 

0 to 50 

m 

DHDDL 

Minimum value of DRDD 

-1.5 

n.ml./sec 2 /ft 

- 

f 

DTEGD 

Entry guidance computation interval 
(value may change for ETG mode) 

1.92 

sec 

- 

f 

DT2MIH 

Minimum value of T2D0T 

0.008 

ft/sec^ 

- 

f 

DTR 

Degrees to radians 

0.G174532925 

rad/deg 

_ 

f 
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TABLE 3.3-1.- ENTRY GUIDANCE INPUT DATA 

- Continued 






<b) 

Input constants - Continued 





Symbol 

Das crip ti 0*1 

Value 

Unit 



Range 

Class 

EEF4 

Final reference energy level in transition 
phase 

2.0E-6 

ft 2 /3fiC 2 


0 

to 1.E7 

n 

ETRAN 

Energy level at 3 tart of transition 

6.002262E7 

ft 2 /sec 2 


0 

to 2.E8 

m 

El 

Minimum value of DREFP and |DREFP-DF| in 
transition phase 

0.01 

ft/sec 2 



- 

f 

GS 

Earth gravitational constant 

32.174 

ft/sec 2 



- 

f 

GS1 

Factor in smoothing roll command 

0.02 

sec" 1 



0 to 10 

m 

GS2 

Factor in smoothing roll command 

0.02 

sec" 1 



0 to 10 

m 

GS3 

Factor in smoothing roll command 

0.037*7 

sec" 1 



0 to 10 

m 

GS4 

Factor in smoothing roll command 

0.03 

sec" 1 



0 to 10 

m 

HSffIN 

Minimum value of scale height 

20 500. 

ft 



- 

f 

HSOl 

Scale height constant term 

18 075. 

ft 



- 

f 

HSQ2 

Scale height constant term 

27 000. 

ft 



- 

f 

HS03 

Scale height constant term 

45 5B3-5 

ft 



- 

f 

HS11 

Scale height slope wrt VE 

0.725 

see 



- 

f 

KS13 

Scale height slope wrt VE 

-0.9445 

sec 



- 

J 

LODHIN 

Minimum L/D ratio 

0.5 

n.d. 



- 

f 

NALP 

Number of ALPCMD velocity segment 
boundaries 

9 

n.d. 



- 

f 

KM: 346 

Preentry bank angle command 

0.0 

deg 


0 

to +180 

m 

MM304a 

Preentry angle-of-attack command 

40 

deg 


0 

to 60 

m 
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TABLE 3.3-1.- ENTRY GUIDANCE INPUT DATA - Continued 




Cb) Input constants - 

Continued 



Symbol 

Description 

Value 

Unit 

Range 

Class 

RADEG 

Radian-to-degree conversion factor 

57.2957a 

deg/ rad 

- 

f 

RDMAX 

Maximum roll bias 

12.0 

deg 

- 

f 

RLMC1 

Maximum value of RLM 

70. 

deg 

- 

f 

RLMC2 

Coefficient in first RLM segment 

70. 

deg 

- 

f 

RLMC3 

Coefficient in first RLM segment 

0 . 

deg/ft/sec 

- 

f 

RLMC4 

Coefficient in second RLM segment 

70. 

deg 

- 

f 

RLHC5 

Coefficient in second RLM segment 

0 . 

deg/ft/sec 

- 

f 

RLHC6 

Minimum value t* RLM 

70. 

deg 

- 

f 

RPT1 

Range bias term 

22.4 

n-mi. 

0 to 1 000 

m 

VA 

Initial velocity for temperature 
quadratic, dD/dV=0 

27 637. 

ft/3ec 

0 to 50 000 

a 

VALM3D 

a modulation start flag for 
non convergence 

23 000. 

ft/sec 

0 to 50 000 

n 

VALP(I) 

ALPCMD vs VE boundary 

2 850. 

ft/sec 

0 to 50 000 

m 

VALP(2) 

ALPCMD vs VE boundary 

3 200. 

ft/sec 

0 to 50 000 

m 

VALP(3) 

ALPCMD V3 VE boundary 

4 500. 

ft/sec 

0 to 50 000 

m 

VALP(4) 

ALPCMD vs VE boundary 

6 809. 

ft/sec 

0 to 50 000 

D 

VALPC5) 

ALPCMD vs VE boundary 

7 789.4 

ft/sec 

0 to 50 000 

m 

VALP(6) 

ALPCMD vs VE boundary 

14 500. 

ft/sec 

0 to 50 000 

m 

VALPC7) 

ALPCMD vs VE boundary 

14 500. 

ft/ sec 

0 to 50 000 

m 

VALP(8) 

ALPCMD vs VE boundary 

14 500. 

ft/sec 

0 to 50 000 

m 

VALP(9) 

ALPCMD vs VE boundary 

14 500. 

ft/sec 

0 to 50 000 

m 

VA1 

Boundary velocity between quadratic 
segments in temperature control phase 

22 000. 

ft/sec 

0 to 50 000 

m 
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TABLE 3-3-1.- ENTRY GUIDANCE INPUT DATA - Continued 



(b) 

Input constants - 

Continued 



Symbol 

Description 

Value 

Unit 

Range 

Class 

VA2 

Initial velocity for temperature 
quadratic , dD/dV=0 

27 637 - 

ft/sec 

0 to 50 000 

S3 

VB1 

Temperature control - equilibrium 
glide phase boundary velocity 

19 000. 

ft/aec 

0 to 50 000 

m 

VC 16 

Velocity to start Cl 6 drag error tern 

23 000 

ft/sec 

- 

r 

VC20 

C2Q velocity break point 

2 500. 

ft/sec 

0 to 50 000 

m 

VELMN 

Maximum velocity for limiting 
LMH by ALMN3 

8 000 

ft/sec 

0 to 50 000 

f 

VEROLC 

Maximum velocity for limiting 
bank angle command 

8 000 

ft/sec 

0 to 50 000 

f 

VHS1 

Scale height vs VE boundary 

12 310 

ft/sec 

0 to 50 000 

f 

VHS2 

Scale height V3 VE boundary 

19 675.5 

ft/sec 

0 to 50 000 

f 

VNOALP 

a modulation start flag {VNOALP will 
always equal 0. for ETG rode) 

0. 

ft/ sec 

0 to 50 000 

m 

VQ 

Predicted end velocity for constant 
drag phase 

5 000 

ft/sec 

0 to 50 ODD 

m 

VRLMC 

Velocity to switch RLM segments 

2 500. 

ft/sec 

- 

f 

VS AT 

Local circular orbit velocity 

25 766 ,2 

ft/sec 

0 to 50 000 

f 

VS1 

Reference velocity for equilibrium 
glide 

23 283-5 

ft/sec 

0 to 50 000 

m 

VRDT 

Velocity to start H feedback 

23 000 

ft/sec 

0 to 50 000 

m 

V_JTAEM 

Reference velocity at entry- TAEM 
inter face 

2 500 

ft/sec 

0 to 50 000 

Q 

VTRAN 

Nominal velocity at start of 
transition phase 

10 500. 

ft/sec 

0 to 50 000 

m 

VYLMAX 

Minimum velocity at start of LMN by ALMN*I 

23 000 

ffc/sec 

0 to 50 000 

f 

YLMIN 

YL bias used in test for LMN 

0.03 

rad 

_ 

f 
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TABLE 3*3-1.- ENTRY GUIDANCE INPUT DATA - Concluded 
(b) Input constants - Concluded 


Symbol 

Description 

Value 

Unit 

Range 

Class 

YLMN2 

Minimum YL bias 

0.07 

rad 

- 

f 

yi 

Maximum heading error deadband before 
first reversal 

0.3054326 

rad 

- 

f 

Y2 

Minimum heading error deadband 

0. 17^5329 

rad 

- 

f 

Y3 

Maximum heading .rvor deadband after 
first reversal 

0.3054326 

rad 

- 

f 

ZK1 

Cain for H feedback 

1.0 

sec 

0 to 100 

ID 
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TABLE 3.3-2.- ENTRY GUIDANCE OUTPUTS 


Symbol 

Description 

Unit 

Destination 

ALPCMD 

Angle-of-attack command 

rad 

Autopilot 

ROLLC 

Bank command 

rad 

Autopilot 

DREFP 

Drag reference 

ft/sec 2 

Display 

DRAG 

Actual drag 

ft/sec 2 

Display 

ROLREF 

Bank reference 

deg 

Display 

ISLECT 

Guidance phase indicator 
relative 

n.d. 

Display 

VCG 

Velocity at start of constant 
drag phase 

ft/sec 

Display 

VRR 

Velocity at first bank 
reversal 

ft/sec 

Display 

EOWD 

Energy overweight 

ft 

Display 

EEI 

Entry evaluation indicator 

n.d. 

Display 

RC176G 

First roll command after 0.176g 

deg 

Display 


25 



76FM98 


TABLE 

Symbol 

ACLAM 

ACLIM 

ACMD1 

ALDCO 

ALDREF 

ALPCMD 

ALPDOT 

ARG(1) 

ARG(2) 

ARG(3) 

A2 

CAG 

CQ1 ( 1 ,2) 
CQ2( 1 ,2) 
CQ3(1 ,2) 

Cl 

C16 

C 1 7 

C2 

C4 

C20 

DD 

DDS 


.3-3.- ENTRY GUIDANCE INTERNAL PARAMETER DEFINITIONS 

Description 

Maximum allowable alpha 
Minimum allowable alpha 
Scheduled angle of attack 

Temporary variable in phase 3 reference parameters 

Vertical L/D reference 

Angle-of-attack oommand 

Rate of change of ALPCMD 

Cosine of commanded bank angle 

Cosine of unlimited band command 

Cosine of bank reference angle 

Temporary variable used in computing range and updating D23 
Pseudoenergy /mass used in transition (L/D) reference 
Constants in Ith temperature control D-V quadratic 
VE coefficients in Ith temperature control D-V quadratic 
VE 2 coefficients in Ith temperature control D-V quadratic 
dD/dE in transition 
d(L/D)/dD 
d(L/D)/dH 

Component of L/D reference 
Reference altitude rate term 
d ALPHA/dCd gain 
Drag - DREFP 
Limited value of DD 
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Symbol 


DDP 

DELALF 

DELALP 

DLRDOT 

DLIM 

DLZRL 

DRDD 

DREF(1 ,2) 

DREFP 

DREFPT 

DREFP1 

DREFP3 

DREE PH 

DREFP5 

DRF 

DX(1 ,2) 

DZOLD 

DZSGN 

D231 

EEF 

HDTRF(I) 

IALP 


TABLE 3.3-3.- Continued 


Description 


Past value of DD 
Delta ALPHA from schedule 
Command ALPHA increment 
R feedback term 

Maximum value of DREFP in transition 
Test variable in bank angle computation 
Derivative of range wrt drag 

DREFP for Ith temperature control D-V quadratic 

Drag reference used in controller 

DREFP-DF in transition phase 

DREFP in equilibrium glide 

DREFP test value for transition to phase 3 

DREFP test value for transition to phase 4 

DREFP test value for transition to phase 5 

Test value for transition to D23-VB1 quadratic reference 
parameters 

Normalized values of DREFP 
Previous value of DELAZ 
Change in DELAZ 
First updated value of D23 
Energy /mass 

Intermediate calculation of temperature control R ref 
ALPCMD segment counter 
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TABLE 3-3-— 3*— Continued 


Symbol 


Description 


DDP 

DELALF 

DELALP 

DLRDOT 

DLIM 

DLZRL 

DRDD 

DREF(1 ,2) 

DREFP 

DREFPT 

DREFP1 

DREFP3 

DREFP4 

DREFP5 

DRF 

DX( 1 ,2) 

DZOLD 

DZSGN 

D231 

EEF 

HDTRF(I) 

IALP 


Past value of DD 
Delta ALPHA from schedule 
Command ALPHA increment 
R feedback term 

Maximum value of DREFP in transition 
Test variable in bank angle computation 
Derivative of range wrt drag 

DREFP for Ith temperature control D-V quadratic 

Drag reference used in controller 

DREFP-DF in transition phase 

DREFP in equilibrium glide 

DREFP test value for transition to phase 3 

DREFP test value for transition to phase 4 

DREFP test value for transition to phase 5 

Test value for transition to D23-VB1 quadratic reference 
parameters 

Normalized values of DREFP 
Previous value of DELAZ 
Change in DELAZ 
First updated value of D23 
Energy /mass 

Intermediate calculation of temperature control R ref 
ALPCMD segment counter 
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TABLE 3. 3. -3>- Continued 


Symbol 

Description 

IGT 

Alpha modulation flag 

ISLECP 

Past value of ISLECT 

ISLECT 

Entry guidance subphase counter 

ITRAN 

Transition initialization flag 

LMFLG 

Saturated roll command flag 

LMN 

Maximum value of LODV 

LODV 

Vertical L/D command 

LODX 

Unlimited vertical L/D command 

QO ,2,3) 

DREFP/VE in temp control phase 

RCG 

Constant drag phase range 

RCG1 

Constant component of RCG 

RDEALF 

Roll bias for alpha modulation 

RDTREF 

Altitude rate reference 

RDTRF1 

RDTREF : Phase 3 

REQ1 

Equilibrium glide range x D23 

RER1 

Transition phase range 

RF(1 ,2) 

Ith range segment in temp control phase x D23 

RFF1 

Temperature control range x D23 

RDTRF 

Altitude rate reference corrected for Cd 

R r jLC( 1 ) 

Roll angle command about body axis 

ROLLCC2) 

Unlimited roll command 

R0LLC(3) 

Rolref 

RPT 

Desired range at VQ 
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TABLE 3*3-3.- Concluded 


Symbol 

Description 

R231 

Phase 2 and 3 range x D23 

START 

Entry guidance first pass flag 

T1 

Equilibrium glide vertical lift acceleration 

T2 

Constant drag level to reach target 

T2D0T 

Rate of change of T2 

T20LD 

Old T2 value 

V(1 ,2,3) 

Velocity sampling points for temp control numerical range 
prediction 

VB2 

VB 2 

VCG 

Phase 3-4 boundary velocity 

VE2 

VE 2 

VF(1,2) 

Upper velocity bounds for Ith temperature control range 
segment 

VSAT2 

VS AT 2 

VTRB 

* 

R feedback velocity lockout 

VX(1 ,2) 

Velocities where dD/dV=0 in Ith temp control D-V quadratic 

XLOD 

Limited left/drag ratio 

YL 

Maximum heading error absolute value 

ZK 

R feedback gain 
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TABLE 3.3-4.- AUTOPILOT INPUT DATA 
(a) Input parameters 


76FM98 


Symbol 

Description 

Source 

Unit 

ALPWWD 

Angle of attack with winds 

Integrator 

rad 

ALPHAP 

Previous pass angle of attack 

Entry Integrator 

rad 

ALPCMD 

Angle-of-attack command 

Entry guidance 

rad 

PQR(IVI) 

Initial bank rate 

Entry integrator 

rad/sec 

PQR(IV+2) 

Initial alpha rate 

Entry integrator 

rad/sec 

ROLLC 

Bank command 

Entry guidance 

rad 

ROLLP 

Previous pass bank angle 

Entry integrator 

rad 

RRPAST 

Previous pass bank rate 

Entry integrator 

rad /sec 

PR PAST 

Previous pass angle-of-attack rate 

Entry integrator 

rad/sec 

EGFLG 

Guidance mode flag 

Executive 

n.d. 

MM3CW(j} 

Preentry bank command 

Med input 

rad 

MM304a 

Preentry angle-of-attack command 

Med input 

rad 

ROLL 

Current bank angle 

Integrator 

rad 

DELTT 

Integration time step 

Executive 

sec 
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TABLE 3.3-4.- AUTOPILOT INPUT DATA 
(b) Input constants 


76FM98 


Symbol 

Description 

Value 

Unit 

Class 

DTR 

Degrees to radians 

0.017453292 

rad 

f 

KONTROL 

Initialization flag 

15 

n.d. 


PA 

Maximum angle-of-attack 
acceleration 

0.0174533 

rad/ sec 2 

f 

PADB 

Angle-of-attack attitude 
deadband 

0.00174533 

rad 

f 

PRM 

Maximum angle-of-attack 
rate 

0.0872665 

rad /sec 

f 

RA 

Maximum bank acceleration 

0.029671 

rad /sec 2 

f 

RADB 

Bank attitude deadband 

0.043633 

rad 

f 

RADB2 

Bank attitude deadband for 
EGFLG=2 

0.00174533 

rad 

f 

RAD 160 

160 degrees converted to 
radians 

2.7925268 

rad 

f 

RADI 80 

180 degrees converted to 
radians 

3.1415927 

rad 

f 

RAD360 

360 degrees converted to 
radians 

6.2831853 

rad 

f 

RRM 

Maximum bank rate 

0.0872665 

rad /sec 

f 
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TABLE 3.3-5.- AUTOPILOT OUTPUTS 


Symbol 

Description 

Unit 

Destination 

ALPWND 

Updated angle of attack with 
winds 

rad 

Integrator 

BANK 

Updated bank angle 

rad 

Integrator 

PR 

Updated angle-of-attaok rate 

rad/ sec 

Integrator 

RR 

Updated bank rate 

rad/sec 

Integrator 
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TABLE 3.3-6.- AUTOPILOT INTERNAL PARAMETER DEFINITIONS 


Symbol 

Description 

BANK 

Bank about the velocity vector 

DIFF 

Difference between ROLLC and ROLL 

DIR 

Direction of acceleration 

DTIM 

DAP3D time step 

EFRATE 

Average value of EFRAT1 and EFRAT2 

EFRAT1 

DIFF rate 

EFRAT2 

Past value of EFRAT1 

ICPPLN 

Cycle frequency of DAP3D 

ICTTRN 

First and third pass flag 

INTRY 

Flag to establish constant set 

KONTRL 

PHSPLN initialization flag 

RR1 

Current bank rate 

ROLL 

Current bank angle 


34 



76FM98 


TABLE 3.3-7.- TARGETING ROUTINE INPUT DATA 
(a) Input parameters 


Symbol 

Description 

Source 

Unit 

AZRW 

Bearing from true north of runway 
+ X axis 

Landing site table 

rad 

XYZE 

Vehicle position vector 

Integrator 

ft 

XYZED 

Vehicle velocity vector 

Integrator 

ft/sec 

SRAZ 

Secondary runway azimuth 

Landing site table 

rad 

M 

Vehicle mass 

AERO 

slugs 

(0VHD)a 

Runway approach mode flags 

MED 

n.d. 

RWID 

Selected runway ID flag 
(pri = 1, sec = 2) 

site selection 

n.d. 

(REc) b 

Greenwich to runway transformation 
matrices 

site selection 

n.d. 

(rls) c 

Runway position vectors 
(Greenwich coord.) 

site selection 

ft 

IFP 

First pass flag (= 0 initially) 

EXEC 

— 

VT0GL d 

Velocity to toggle OVHD/STRT HAC 
status 

MED 

ft/3ec 


a MED input to select approach mode (overhead = 1, straight in = 0)( dimensioned 
(2) where subscript is runway ID flag). Initialized to 1 in mission constants 
table. 

^Dimensioned (3x3x2) where last index is runway ID. 
dimensioned (3 x 2) where last Index is runway ID. 

d MED input to simulate manual HAC toggle. Initialized to zero in mission con- 
stants table . 
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TABLE 3.3-7.- Concluded 
(b) Input constants 
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Symbol 

Description 

Value 

Unit 

Class 

RX22 

Polar radius 2 /equatorial 
radius 2 

0.9933065782 

n.d. 

f 

VMIDPT 

Velocity limit for midpoint 
targeting 

TBD 

fps 

m 

XHACL 

Low mass RW to HAC distance 

-35245. 

ft 

m 

XHACH 

High mass RW to HAC distance 

-35245. 

ft 

m 

WTGS1 

Mass threshold value 

8000. 

slugs 

m 

HI 

Initial HAC radius 

20000. 

ft 

f 

PSHARS 

Initial HAC turn angle 

270. 

deg 

f 

RFO 

HAC radius on final 

14000. 

ft 

f 

R1 

Linear term in spiral 
radius eqn. 

0. 

ft/ deg 

f 

R2 

Quadratic term in spiral 
radius eqn. 

.093 

ft/ deg 2 

f 

A3T0L 

HAC turn angle tolerance 
value 

t 

• 

O 

O 

Ld 

deg 

f 

DTR 

Deg to rad conversion const. 

.01745329 

rad/ deg 

f 

RTD 

Rad to deg conversion const. 

57.29578 

deg/rad 

f 
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TABLE 3.3-8.- TARGETING ROUTINE OUTPUTS 


Symbol 

Description 

Unit 

Destination 

TRANGE 

Range to target 

n. mi. 

Entry guidance 

DELAZ 

Azimuth error 

rad 

Entry guidance 

RCHMAG 

Radius of landing site 

ft 

Deorbit processor 

PS HAT 

HAC turn angle 

deg 

TAEM guidance 

RTURNT 

HAC radius 

ft 

TAEM guidance 

YSGNT 

R/L HAC indicator 

n.d. 

TAEM guidance 
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TABLE 3.3-9.- TARGETING ROUTINE INTERNAL PARAMETER DEFINITIONS 


Symbol 


Description 


RLS 

RC 

HACEF 

BARCC 

CTHVC 

BARWPI 

DARC 

PSI 

REC 


Landing site in Earth-fixed coordinates 

Center of heading alinement circle in runway coordinates 

Center of heading alinement circle in Earth-fixed coordinates 

Heading to center of alinement circle 

Cosine (angle between vehicle and HAC) 

Heading to tangent point on HAC 
Distance around heading alinement cone 
Heading of vehicle 
Runway to Earth-fixed matrix 
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TABLE 3.4-2.- GUIDANCE PHASE SELECTION LOGIC 


Guidance 

phase 

Preentry 

Temperature 

control 

Equilibrium 

glide 

Constant drag 

ISLECT 

1 

2 

3 

k 

Previous 

possible 

phase 

HA 

Cr<-w selects 
entry program 

Preen try 

Temperature control 

Preentry 

Temperature control 
Equilibrium glide 

Possible 

phase 

transfer 

Temp control 
Constant drag 
Transition 

Equilibrium glide 
Constant drag 

Constant drag 
Transition 

Transition 

Transfer 

logic 

XLFAC > ASTART 
ISLECT s 2 

XLFAC > ASTART 
and 

T2 > ALFV 
ISLECT = 4 

VE < VA 
and 

DREFP < DRHFF3 
ISLECT = 3 

VE < VCG + DELV 
and 

DREFP > DREFP4 
ISLECT s 4 

VE < VTRAN + DELV 
and 

DREFP > DREFP5 
ISLECT = 5 


VE < VB1 
ISLECT = 3 

VE < VTRAN + DELV 
and 

VCG < VTRAN 
and 

DREFP > DREFP5 
ISLECT = 5 

T2 > ALFM 
ISLECT = 4 



XLFAC > ASTART 
and 

VE < VTRAN 
ISLECT = 5 

VE < VCG + DELV 
and 

DRJFP > DREFP4 
ISLECT = 4 




T2 > ALFM 
ISLECT = 4 



Temperature control 
phase internally 
transfer quadratic 
D-V segments when 
VE > VA1 
and 

DRF < 0 


Transition 


p 


Preentry 

Equilibrium glide 
Constant drag 

NA 

TAEH logic called at 
end of transition 

TAEM guidance logic 
called when 
VE < V TAEM 




Name: Greenwich true of date (geographic)* 

Origin: The center of the Earth* 

Orientation: Ihe X^-Y^ plane is the Earth’s true-of-date equator. 

The Zg-axis is directed along the Earth's true-of-date 

rotational axis and is positive north. 

The +Xg-axis is directed toward the prime meridian. 

The Y £ -axis completes a right-handed system. 

Characteristics: Rotating, right-handed, Cartesian. Velocity vectors 

expressed in this system are relative to a rotating reference 
frame fixed to the Earth, whose rotation rates are expressed 
relative to the Aries-mean-of-1950 system* 


Figure 3.2-1.- Greenwich true of date (geographic). 


40 



MORTH 



Name: Runway coordinate system. 

Origin: Runway center at approach threshold. 

Characteristics: Rotating, Earth-referenced. 

Description: Z R -axis is normal to the ellipsoid model through the runway 

centerline at the approach threshold and positive toward the 
center of the Earth. X R -axis is perpendicular to the Z R -axis 
and lies in a plane containing the Z R -axis and the runway 
centerline (positive in the direction of landing). 

Y R -axis completes the right-handed system. 

is the runway azimuth, measured in the X R -Y R plane from 
true north to the +X R -axis (positive clockwise). 


Figure 3.2-2.- Runway coordinates. 
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Figure 3.4. 2-2.- Temperature control phase quadratic definition. 



ROLL COMMAND (DEG) DRAG ACCELERATION (FT/SEC 2 ) 



RELATIVE VELOCITY (FPS) 


Figure 3. 4. 2-3.- Bank-angle smoothing logic between guidance phases. 
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210 



— VE 


Figure 3. 4. 7-1.- Drag-velocity segments used in range predictions. 



■VE 


Figure 3. 4. 7-2.- Freezing of equilibrium glide profile. 
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= CALP0{7) + CALP1 (7) + CALP2(7) 



RELATIVE VELOCITY 

Figure 3.4.11-1.- Angl e-of-attack selection capability. 






Figure 3.4.15-1.- Entry guidance external data flow summary. 


48 









Figure 3.4.15-2.- Entry guidance internal data flow. 
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Figure 3.4.15-2.- Continued. 
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Figure 3.4.15-2.- Continued. 
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STORAGE 


VE 


EGROLCMD 


COMPUTE BANK 


'ANGLE COMMAND 


XLOD, RK2QL, ALDREF 

JLODV, LODX. ACMD1 
ROLLC 1 2 j ^DELALP, ICT, LMN 

RC176G 


VE 


ISLECT » EEF, CINOM 

RDTREF, RDTRFT 
DREFP, DREFP3, 

VCG, DREFP4 




SET GUIDANCE 
SELECT FLAG AND 
ENTRY TERMINA- 
TION FLAG 


Figure 3.4.15-2.- Concluded. 
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Figure 3. 5. 4-1.- Autopilot external data flow. 


ENTRY 

INTEGRATOR 

ALPWND 

BANK 

PR 

RR 
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STORAGE 


BANK, ALPHA, 
RR, PR 


PQR(IVl), PQR(lV+2) 
ALPHA. PHISO, ICTTRN,' 
ICYTRR, ROLL? 

MM304a , MM304*, ALPWND 


ROLPLN 

ROLLC , ROLLP, RR, ' 
RRPAST, RRM, RADB, RA 

PCHPLN 

ALPHA, EFRATE, ALPCMD , 
ALPHAP, PR, PRPAST , PRM, 
PADB, PA, ALPWND 


DAP3D 

AUTOPILOT DRIVER 


PHSPLN 

AUTOPILOT PHASE 
PLANE 


Figure 3. 5. 4-2.- Autopilot internal data flow. 
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APPENDIX A: ENTRY GUIDANCE FLOW CHARTS 

The following flow charts define the entry guidance formulations. 


Function 

Figure 

Number of flow charts 

EGEXEC 

A-1 

4 

EGSCALHT 

A-2 

1 

EGINIT 

A-3 

2 

EGCOMN 

A-4 

1 

EGPEP 

A-5 

1 

EGRP 

A-6 

3 

EGREF 

A -7 

2 

EGREF4 

A-8 

1 

EGTRAN 

A-9 

2 

EGALPCMD 

A-10 

1 

EGGNSLCT 

A- 11 

1 

EGLODVCMD 

A-12 

2 

EGROLCMD 

A- 13 

1 




Figure A-K- EGEXEC, entry guidance executive. 


THEN *************-** 

* ISLECT = 5; * 

*************** 
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************ ******* 

* DU CASE ISLfc^T; *' 

* ************ ****** 


i 

u 



a: 



i__^ 

[ I COMPUTE VERTICAL { L/O > OURINO PREENTRY PHASE 


***** ********** 
* CALL EGPEP; * 

************* 3* 


I 2 

+ — “+ 

} J COMPUTE REFERENCE PARAMETERS DURING TEMPERATURE CONTROL PHASE 


*************** 
▼ CALL tGRP; * 
* * 

* CALL EGREF; * 

*************** 


COMPUTE REFERENCE PARAMETERS DURING EQUILIBRIUM GLIDE PHASE 


*************** 
v CALL EGKP » * 

* * 
* CALL EGREF; * 
*************** 


Figure A-1.- Continued. 
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1 I * 

I *- + 

j 1 COMPUTE REFERENCE PARAMETERS DURING CUNSTAl. T ORAG PHASE 


* tt**rf *********** 

* CALL EGREF4: * 
****** t»**»A***+ 


1 5 

♦ 

I COMPETE PEFERENCE PARAMETERS OUR IMG TRANSITION PHASE 


**************** 
* CALL tGTRAN; * 
************* *** 


COMPUTE ANGLE DF ATTACK COMMAND 


^ I 

L ****4:************* 

* CALL fcGALPCMU; * 
****************** 


COMPUTE VERTICAL L/D COMMAND FOLLOWING PKEENTRV PHASE 


then ***** ************** 

* CALL EGGNSLCT; * 

* * 
* CALL EOLUDVCMD; * 
************ ******* 

COMPUTE ROLL CJMMANO 


****************** 
* CALL EGRuLCMl,; * 
**** ************** 


I 

***************** 

* IF ISLECT > I *• 
***************** 


Figure A-].- Continued 
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MA*E TRANSIT 13N TESTS 


**************** * ** 

V 00 CASE ISLcuT; 

************* if ***** 


***** 

“* ; * 
***** 


2 ****************************** *** 

* IF V£ < VA AND DREFP < OREFP3 *- 

********************************* 


THFN *************** 
* ISLECT = 3; * 

*************** 


**** ************************************* 

* IF VE < VCG +• DELV AND OREFP > DREFP4 ¥ 

***************************************** 


THEN *************** 

* ISLECT = 4: * 

*************** 


3 ** t* ****** ******************************* 
— ^ IF VE < VCG * DELV AND OREFP > DREFPA * 
***** **************************** ******** 


THEN *************** 

* ISLECT = *; * 

*************** 


********** ******** ************* «c** *** ****** 

* IF 'E < VTRAN + DELV AND OREFP > DHEFP5 * 

* * 

* AND VCG < VTRAN * 

******************************************* 


THEN *************** 

* ISLECT * 5; * 

*************** 


*** *************** ******** **** ************* 

-* IF VE < VTRAN * DELV AND OREFP > QREFP5 *- 

* #»V********^**************^* ********* Jk**** 


THEN *************** 

* ISLECT = 5; * 

*************** 


5 ***** 
— * ; * 
***** 


Figure A-l Concluded. 
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COMPJTE ALTITUDE SCALE HEIGHT L HS ) 


**************** 
* IF VE < VHSi 
**************** 


THEN ************************ 

+ * H5 = HSQ1 + HS11 v£; * 

************************ 


) ELSE **************** 

+ * IF VE < VH$2 

**************** 


*- 


THEN ************** 

* — * HS = HSC2; * 

************** 


I ELSE ************************ 

* * HS = HS03 + HS 13 VE; * 

************************ 


***************** THEN *************** 

* IF HS < HSMIN * * HS = HSMIN; * 

***************** *************** 


Figure A-2.- EGSCALHT, scale height 



IN IT IALIZE VARIABLES AMO FLAGS 


************ **********4t****4'4t4<*4(**4‘4t 4*4* 4(4 4c*4t4t4t 


* 

4 

* 

4c 

* 

* 

* 

* 

* 

* 

* 

4= 

* 

* 

* 

* 

* 

* 

* 

* 

* 

♦ 

* 

* 


CZOLD = 0* ; 

IVfJR = 0 
ITRAN - OFF; 

ISLECT * 1 ; 

ICT * 0 
IDBCHG - 0 
T2 * 0* ; 

CREFP = o.; 

VU2 = VU VQ; 

RK2R0L ^ -5 IGN ( OELAZ ) ; 
DLRDOT = O.i 
LMFLG = 0; 

VTRB = 600GJ,; 

DDP =0*; 

RK2RLP = RK2RJL; 


♦ 

* 

* 

♦ 

* 

4c 

* 

* 

4c 

4c 

* 

4r 

4t 

4c 

4c 

4c 

4c 

4c 

4c 

4c 

4< 

4c 

4« 

*K 

4c 


********* ************************************ 

COMPUTE DESIRED TRANSITION RANGE l KPT 

*4c ********************** **********4"*** 4c 4< 4*** 4 

* *PT = -UETRAN - EEFAl LOGIDF / ALFM) / ( 4* 

* * 

4c ALFM - DF) * IVTRAN VTRAN - VQ2 ) / ( 4c 

* * 

* 2. ALFM J ) CNMFS ♦ RPTl; ^ ^ * 

***+*** fc#***:*** *#*****>************* *1********* 


i 


******************************************* 

* 
* 


VSAT2 - VSAT VSAT; 
VSIT2 = VSI >/ SI ; 
VCG = VO; 

D23 = D230; 

DX * l.i 


* 

* 

* 

* 

* 

4 

4 

* 


********************************************* 

i 


Figure A-3.~ EGINIT, initialization. 
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*i 


44 *** 44 * 4 < 4 44 * 4 * 4 4 *4444 4*44444444 *444444444 

4 
4 
4 
4 
* 
4c 
4 
* 
4 
4f 
♦ 
4c 
* 
4c 
4c 
4c 
4= 
* 
4 
4c 
4< 
4c 


* 

vo = 

v t5 L ; 

4 

i 


4 

4 

vx = 

< 

«• 

4 

1 


4 

4 

VF = 

C 

> 

4 

l 


4 

4 

A = 

ak; 

4 

i 


4 

4 

VO = 

V A l » 

4 

2 


4 

4 

VX = 

VA2; 


i 


4 
* 

4* 

4 
4 

4 _ „ 

***^**44 4 4444 444 *4444 444 4*4 444*444*444*44*4= 


A = /Uii 
.2 


V62 Vbi VBL 


COMPUTE COMPONENT OF CONSTANT DRAG PHASE RANGEt RCG 


**iK***** ******* *i(c* ************* ****** ****** 

* RCGT = CNMFS (VSIT2 - VQ2) / (2. ALFM ) S * 

*************** **************************** 


*************** it ******** ******************* 

* l ALP = NALP; * 

4 4 

* START = i; * 

* * 
* * 
* * 
* * 
******************************** *********** 


Figure A-3.~ Concluded. 
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****** 


CUMKjTt COMMON VA»<1AJLES 


XLLL = MAxUcALAktLC.), LUUfilNIi ; * 

* 

T 1 =■ uS IVI J1 / Vi^T2 - L*J; * 
72£jLC = T lx * 

V£2 = V: ve; 

EEF = uS Hl^ * i/E2 / 2 * ; * 

EOWB = EEF/G5 % 

CAG = 2. G5 HS + VE2; | 


** * **»■ * * v*** ***♦ %, Then ************** *♦**»********»■*** **«* •«»« 

♦ IF liltCT < > * * T2 = cNPFS (Vt2 - VU2J / 12* I T RANGE 

* RPT » : * 

m 

* T£JL?T = ET2 - T2?'LDI / OTfcGD ; 


COMPUTE ALTITUDE KATE REF E«cNCE FOR TRANSITION 


IF Vt < tfTRAN * DELV * 

K** ******* ************* 


Then ***********•****■******■*»*************+* 

* Cl = (12 - OFJ / ( ETRAN - EEF4 J ; 

* 

* RDTRFT = -IC1 IGS HLS - EEF4I + DF I 2. 

* 

* VE HS / CAG; 

* 

* OREFPS * OF + IEEF - EEFM Cl * GSR I 

* 

* ROTREF - RDTRFT i ; 

**************************************** 


Figure A-4.- EGCOMN* cQnnion 
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COMPUTE VERTICAL L/D DURING PREENTRY PHASE 

* ** ***** * *** ** * * * * * *** ** * ******* 4c *** 

* LODX * XLOD COS :(MM304<f> / RADEG) J 

* LODV = LODX; * 

************************************ 


Figure A-5.- EGPEP, preentry phase. 



TI-V 


COMPDT £ kEFLREuCE PARAMETERS FLR T6MPE RATUK E CONTROL AND 
EUJltlbKIUM GLIDE PHAGES l ISLECT - 2 QK 3 ] 


********f*'M‘*1>T 

MF VE > VA1 i 
********* ****** 


THEFV ********** 
f * K r 2; * 


* N = 2; * 
********** 


I ELSE ************ 

► * K - 1; * 

* * 

* N = L; * 

* * 

* RF = 0. ; * 

* 2 * 

************ 


************ 

* VE = i/e; * 

* N * 

************ 


**************** T H£M ************** 

* IF STAKT = 1 * * K = l; * 

**************** * * 

* START = 2; * 

\ ************** 


* ********************* 

* DO FOM = I TO Z; « 

******* *************** 


************ ,HEN ******■■ 

-* IF 1 = 2 * * OX - 

************ * 2 

# ****** 


*CQL% VAL (C02 * CQ3 VAU; * 

L * ..L****il 


***** ********************************* 

* CW3 — —A DX / (2. (VX - VO ) VO l; * 

* I II l I I * 

* * 

- = -2. VX CQ3 ; ♦ 

^ * II * 

* 

4 . ox - vo IC02 + C 03 va ); * 

* 3 t I I I * 

** ft* 4^********35** * T******************* 


Figure A-6.- EGRP, range prediction. 
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* DC FUR l = K TU N; *— * If Vt < VO * 


************* ** * ****** 


* 

* * 
* * **X* * 1* W M * ** * * * 


TrlEK ************ 
— + * RF =0.; * 

1 * i * 

***** ******* 


ELSE *************************** 

J " “ * 18* VO <■ VF ) / 9*; * 


* * 

* 

* 


I 


I 


* V = IVQ + VF i / 2.; 


1 


I 


V = VG + VF - V 


* 

* 

* 

* 

* 

* 

* 


********************** **-**- 

I 

********************** ********* ***************£****** 
* DG FOR J = l TO 3; Q = CQ1 / V + CQ2 * CQ3 V ; * 

********************** * j IJ I TJ* 

************* *******-;********** 


***************************************** 

* RF s (27. / Q + 4^. / Q ♦ 27, / Q I { * 

* l L 2 3 * 

* * 

* VF - VO ) / 9a. ; * 

* I I * 

***** ********************** ************** 


^ * ** * *** *** *»" ««*»*** ******* 

* kF^I = CNMFb <Sr + KF H J 

* L 2 

**^*******^v*****v^**»*< c '^'*' v * 


Figure A-S.- Continued 
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UP HAT E kEFEKENCE DRAG LEVEL i D23 ) AT VBt 


************ ********* ****** ************* THEN 
* IF T2D0T > UT2MN uR VE > VCG * DEL V 

*************** PC*** ********************* 


******* ***** *** 
* IP VE < Vhl 
*************** 


THEN ************** 

* VB2 = VE 2; * 

************** 


*************************************** * 

* vcg = vo: * 

* 023 L = ALFM (VSIT2 - VB2I / IVSIT2 - * 

* * 

* V02J ; * 

**************************************** 


***************** THEN ******************************************* 

* IF 023 > D23L * VCG = SORTl VSIT2 - D23L IVSIT2 - VQ2 > / * 

***************** I * * 

] * 023) ; * 

| ****** ************************************* 

1 ELSE *************** 

* * D23 = 025L ; * 

*************** 

********************************** 

* A2 * CNMFS [VSIT2 - VB2I / 2,; * 


* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 

********************************** 


REUl = A2 LOGtALFH / 023); 
RCG = RCG1 - A2 / 023; 

R231 - RFFl + REQ1 ; 

R23 = TRANGE - RCG - RPT; 
0231 - R231 / R23J 


* DROO = ~R23 / 0231; 


*p 

* 


***************** 
IF 0231 >= D23L *- 
***************** 


T HEN ***************************************** 

* 2 

* 023 = 0231 + A 2 (1* - 023 / 0231) / ( 

* 

* 2 • R 23 ) * 

***************************************** 


1 ELSE ******************************** 

+ * 023 * HA XI SCALAR! 023 L» EUls * 

******************************** 


Figure A-6*- Continued 
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Figure A-6.- Concluded* 
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ST-V 


COMPUTE HE FEkENCE PAkAME TEH 3 FOR TEMPERATURE CONTROL AND 
EQUILIBRIUM GLIDE PHASES ( tSLECT = 2 OR 3 J 

CuRI.vG TEMPERATURE CONTROL PHASE 


*************** 

* IF VE > VOL * 

** * ****** **$c ** * 


THEN ********************** 

* DO FOR I = 1 TU NJ *• 

~«*** ****** *********** 


**t*+* ********* ********************* 

■* DREE = CCJi + VE <CQ2 * CQ3 VEJ ; * 

* I i II * 

* HDTKF = -HS iZm DREF / VE - CQ2 - 2. * 

* i i r * 

* * 

* CQ3 VE); * 

* i * 

**************************************** 


********j******* 


* IF VE > VAi *■ 
*************** 


THEN ******************************************* 
* 0RF = DREF _ DREF ; * 

* 2 I * 

* * 

* URF = DRF { DRF + CHDTRF - HDTRF J GS1J: * 

* 12* 
********************* ********* ************* 


*************** THEN ********** 

* IF DRF < 0. * * N = 1; * 

*************** ********** 


************************ 

* DREF P = D23 DREF ; * 


* N * 

* * 

* RDTREF = D23 HDTRF ; * 

* N * 

* * 

♦ C2 - CQ2 D23; * 

* N * 


************************ 


Figure A-7.- EGREF, reference parameters. 
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DURING EUULIaRIUM GLUE PHASE 


«**.**» ********* THEN ****************************************»**<' r 

* If VE < VA * * ALOCU = Up - VB2 / VSIT2) / 023; * 

***«**Y.******i»: * * 

* DREFP1 = 11. - V£2 / VSIT2) / ALDCO; * 


* KOTRF* = -2. HS / ( VE ALDCO) ; 

* JREFPJ = DkEFPl ♦■ GS2 (RDTREf - RDTRfi); 

*********** *T*«t*»«f#***********A»m*tm 


********************** *********** 

* IF OREFP3 > OREFP OR VE < VB1 * 
******************************* ** 


CCMkjTL TEST VALUE LOR CREFP FOR TRANSITION TO CONSTANT 
DRAG PhASc I ISLECT = * ) 


♦ ***i|i******:*>MHF*****************iMt********* 

* DKEFPA = GSJ tROTUEF + 2. HS T2 / VEJ «■ * 


* * 

* T2; * 

* * 

* * 

* ITRAh “ ON; * 


******** ******** ******************* 


then ******************** 

* DREFP * DREFPl; 

* 

J RDTREF * RDTRFIS 

** £* ***2*i ***** * **** 


Figure A-7-- Concluded 
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COMPUTE REFERENCE PARAMETERS DURING CONSTANT DRAG PHASE 


:* * ***** ******* * ** ** * *** **** * 

OREFP = T2; * 

* 

RDTREF = -2. HS T2 / VEi * 

* 

DROD = -CTRANGE - RPTI f T2; * 

* 

C2 = 0.; * 

* 
* 

ITRAN = ON? * 

* ** *** * ** * ** * * * * 1C* # *** ** * 


Figure A-8.- EGREF4, constant drag phase. 



COMPUTE REFE: —NCE PARAMETERS DURING TRANSITION PHASE 


***************** * 

* * 

* IF ITRAN *■ JFF *— 

* * 
****************** 


THEN ********* ******** 

* DREFP = ALFM; * 

* * 

* . * 

* ITRAN = GN; * 

***************** 


************************ 
* DREFPT = DREFP - DF; * 
************************ 


*********************** THEN ********************************* 

* IF AtfS ( DREFPT J < El * * DREFP = DF + El SIGN (DREFPT J ; * 

*********************** ********************************* 


***************** THEN *************** 

* IF DREFP < El * * DREFP = EL; * 

***************** *************** 


* ******************************************* 


* DREFPT = DREFP - DF; * 

* * 

* Cl = DREFPT / IfcEF - EEF + i; * 

* * 

* RER1 = CNMFS LCjGIQREFP / DFI / Cl; * 

* * 

* DRDD = M IN ( SCALAR (CNMFS / <Ci DREFP) - * 

* * 

* RER I / DREFPT. ORDDL I) ; * 

* * 

* DREFP = DREFP * ( TRANGE - RER1 - RP TL i / * 

* * 

* DRDD; * 

* * 

* DLIM = ALIM DRAG / XLFAC; * 


************************ ******************** 


i 


Figure A-9.- EGTRAN* transition phase 


Page 1 of 2 



********* 


I 

H 

vo 


******************* THEN ***************** 

* IF DREFP > DLIH * * DREFP “ DLIM; * 

******************* * * 

1 * Cl = 0.0; * 

j ***************** 


***************** THEN *************** 

* IF DREFP < cl * * DREFP = Eli * 

**♦*++*#*****¥+ ** *♦**#*#***:*:*#** 

l************************** ************** 

RDTREF = -US '/E (2, DREFP - Cl VE2) / * 


* 

cag; * 

♦ 

2 * 

C2 = 4. VE DREFP (1. - { VE2 / CAG) I * 
CAG; * 


******* 


Figure A-9.- Concluded 
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t«* **« ***«# 


COMPUTE ANGLE OF ATTACK COMMAND 


************************************** 

DO WHILE VE < VALP AND IALP > 0; * 

I ALP * 

♦ 

************************************** 


******************* * 
— * IALP = IALP - L; * 

******************** 


ro 

o 


****************************************** 
j ^ IALP + i; * 

* 

* 

* 

ALPCMD = CALPO + VE 4CALPI + CALP2 VE I ; * 
J J J * 



* 


Figure A-10.- EGALPCHD, angle-of-attack command 




A-21 


COMPUTE CONTROLLER GAINS 



Figure A-ll.- EGGNSLCT, gain select. 












COMPUTE VERTICAL L/D COMMAND aoDV) 


* A44 - EXPC-tVE - CDDUTU / CPDOI2)} • 

A I 

* CDCAL a CLD0T4 ♦ ALP CM) ICUiJl* * CCJ?uI6 * 

a t 

* ALP CM D) + CL'DOTi A 44; « 

I A 

* aiDOTC = C£Lu77 (DRAU + G3 KDQP / VE) * 

> ■ 

* A4m + ALPOOr (fCDUTd ALPCMD ♦ CMtoltf); * 

I A 

* C4 ; H*. ; cTLjTL / LVCALj * 

MMiiiMHiiliaiMiiiiiiDimkniMimiii 

J 


TUEh 

* It VE ^ VU-JALP — * if DRAG > = DHtfP OK VE < VALMOD Cfl ICT a 


• 1 


t 

I 

1 

f 

I 

J 

i 

l 

I 

I 

1 

I 

I 

I 

! 

1 

1 

i 

I 

l 

l 

***** THEN 

* IF I3LECT = 5 * * TJ = G5 t V£2 / VSAT2 - O; * 

! 

i 

i 

i 

i 

i 

i 

i 

! 

1 

[ 

I 


■ ALDREF =11/ DHEFP + (2. RDTHEF 4 C£ * 

# » 

* HS) / VE} • 

i * 

* RDTRF = RDTREF + L4; ■ 

A I 

1 DD = DRAG - UREFP; * 


J 

I 

I 

******* THEN ■♦■■■•tutu ***** mail 

* IF VE < VRDT * * DBS = MIDVALtDD, -DDLIM, DDLIM); 

«* laiaaaaiaaa a m a 

“ ZK a ZK1J 


1 

* i 

I 

.1 


* ICT = 1? * 

a > 

* C 2 Q = HIDVAUC 21 , C 22 + 023 VE, C 24 ){ * 

I 

I 

I 

**************** then ***************************************** 

* IF VE < VC 20 * — 1 * C 20 = MAX( 3 CALAR(C 25 + C 26 VE, C 27 )){ * 

I 

t 

1 


• QELALP « MIDVAKCDCAL ((OREFP / DRAG) - 

a 

* 1.) / C20, DLAPLH, - DLAPLH) j 


I 

I 


i IF ABS (DRAG - OREFP) < DDMIN \ i DELALP a 0.0 | 

I / I I 


Figure A- 12,- EGLODVCMD, lateral logic and vertical L/D command, 
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THE^ 


****** ** ** ****** *********** 

* VTRB s vE - A CN1 DREFP; * 

* * 


THEN *********** 

* zk = 0; * 

*********** 


Figure A-12.- Continued, 
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i 

***♦*4 * 4 * ***** 4 ** 

* IF UZSGN > J+ * 

*************** ** 


Thi:N ** ***t*<-** **** +* 4 *****k*** 4 ’**«* THEM **************** 

+ * IF Yt - VL'** 4 ! p i < AbSlJtLAZ) * * LMN = ALHNl; * 

j i.- 444 c: ** 444 * *4* *444*4****4**4*:* *-*44*4*********ff 


|tLS c ** 4**4 *4*4*4*** ************4*v ^HEN >************* 

* «.* IF YL ~ YLMN2 AtiS(DELAZ) * * lHN = ALMNL; * 

k4*4X* *4***4 *44; ** 444 44 4**4 4c 44 ** ** ** ********* W 


* 4 * 4 ** 444 ** 44 *** 


* JF VE > VYLM*< * 

4 * 4 * 444 ****** ** *** 


TrlE'J **************** 

* l_fc|M = ALMV+; * 

44 * 444 *** 44***44 


*************** ** 


* IF Vt < VfcLMN * 

*** *4 ** ** *** 3K* ** * 


THE ‘>1 ******** If*** *»** 

* L ^ N = ALMNil * 

4-4************** 


IF VE < VYLMAX 


RK2R0L = SIGN(ROLL) I 


************* * 4 * 4 * 44 * 4 *** 

* LHN = XLUD LttT; * 

4 * 

* DLZFL = OELAi r&ZRQLi * 

*4*4*4**444* 44 ^ 4 . 4 * 4 *** 


IF RK2itOL RK2RLP > 0 AMD IDBCHG = 1 )>- 


THEN 


Y1 = Y3 


***444444****** ** 4 4 ** 4 *4 4 4*Jt ***** 4*** a* 

* IF AES(LUDVJ L 4 N AMU OLZRL <= 0 - 
«*r:44** ** ** «*** * * 4 * 44**4**** **** *4***** 


THEN ************** 

* +. 4 LMFLG = 1; * 

44 ************ 

1 

****** 44 * 4 * 4 * * 444 ******* ** 

* LCDV = LHN SIGNtLDDVl; * 

*4 **444*4**** ***** ~4*44 4** 


|el: c **** 4 ********* 

* * l^flg = 3; * 

*^t *********** 4 

fuiN ^ XLOD | 

*4***4 ************ THEN 

* If DLZKL >= YL * 

*4 4Tt 4 4 *•*:** 4 4 * 4 * 44 * 


RK2P0L = -RK2R0L; 
IDBCHG » 1 


Figure A-12,- Concluded. 
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caWoffc KJU UiHMANDS AND REf EftENCE ANGLES 


IF(RK2«0L RKZRIP < 0 AND IVRR 


THEN 

VR« « VE 


IVIlIl » I 


* A«G * LUUV f *UCs 

* i 

* AKG - LOGX / KlUO; 

* <i 

* 

i- Ak(i » AlQuct / XLJO'r 

- J 


» DU f-jr l * i ru 3i *- 


. 1 . 


* IV AUSiAHb > >=» 1. *■ 

I * 


then *************«*********+* 

* AP( ; s 5IGNIARG.XI.30IS * 

♦ \ I , * 


**** 4' *****«*«* ************ ******** 

* ROLLC ' AK2RCL ARCCOSURG >, * $ 

* I I ' * 

t*x ^*.* ************** ************ 


" 1 IF ICT ■' 1> “ 


JHE1L 


OELALF * ALPHA - ACMO'l 

RDEALF - HIOVAL (CRDEAF OELALF, RDHAX, - ROMAX) 

ALMNXO » ARCCOS (LMM/XCOD) /DTR > 

ROLLC (1) » [MIDVAL (APS (ROLLC (ZJ) + RDEALF, ALMNXO, 

180. - ALMNXO)] RK2H0L 
AttAH • HIM (SCALAR (OLALLH, ACLAHI + ACLAM2 VE)) 

ACLIH ■ HIM (SCALAR (ACL1H1 + ACLIM2 VE, ACLIH3 t ACIIH4 VE))1 


ALPCMD « HIOVAL (ACLAH, ALPHA + OELALF, ACLIH) 


LIMIT ROLL COMMAND 


IF VE > VRLMC 


> 


THEN 


RUT ■ HIN(SCAlAR(RLKC1 t RLMC2 + RLMC3 V£))) 


ELSE 


- RLM * j 


RLM * MAX ( SCALAR (RLMC6, RLMC4 + RLMC5 VE)} 


ft**;*** **-*******¥** ******** ************** 

» If- A3SUQLLC ) > HLM AND VE < VERULC * 

* l * 

* * 
** *» * * ******** «* ***««>** ******* ********** 



1H£N ***************************** 

— — * ROLLC « RLK SIGN! ROLLC U * 

***************************** 


*ROLftEF FOR DISPLAY IS R0LLC(3) 


Ffqure A-13.- EGROLCHD* roll coimand. 


A-25 
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APPENDIX B: ENTRY AUTOPILOT FLOW CHARTS 

The following flow charts, define the entry autoollot formulations. 


Function 

Figure 

Number of flow charts 

DAP3D 

B-1 

2 

PHSPLN 

B-2 

10 


B-1 



I SUBB^U- INE !T«'MO 



Lc_vi_j_vj 


.A—. 


ir'tjrj'ERMINf"lF PMSnlK Hfl'i IeEN'inYT IflulZUfl 

:C.'tF IK3NTRL f. I VI i £0 . 16) 

"l 


fai TO 2$ > 


J 


I F t KDNTHL f I VI I 60.16) 

T 


T KQflTHl £ CVIH 16 ] 

JZZZSZZZL. 

I I- INITIAL r?E ^HSPLN 


N- 


r ;/ f: -pukuvli 'cos i alpha n vi 1 1 

3 


: rb^st* iviurrcivu 
PRCEVH-=PQH av+21 

1 

JT 1 r V t 

f-.FRtmi 

1 

flLFHRP C E V t 

rch lf f r v i j 

; = l m*< 
* MN! , ft 

1 

— 

■ 

... 1 

'Kl ^ 




' [ CaMT INUE 


(. v '.’l E PHSPLN ON 13T AND URD RKG IN TEGRAT [QN PASSES Tp NOT “EXERCISING”] 
CfiSE INITIAL I?RT TON OR GENERAL. PHR‘j LN G j 


4 


CON'T. G H Ptr 2 


Ofir^D 

1 2 L^...IE .2 


Figure B-l.- DAP3U* 


B~2 


^IG T A/At 
E® £QOfi Qu *‘;v. k 

















, i , 

| OIFF=ROLLC-ROL'l t 

' t 

DTIM = DELTTtrvn/ICPPLN I 

5 


V 

CONT. ON PC 2 PHSPLN 

Ffr 1 U F 3H 

Figure B-2.~ PHSPLN. 


B-4 












COMT* ON P£r 3 
Figure B-2.- Continued, 



fl-5 











im. on p& 4 

Figure B-2*^ Continued, 



B-6 














CONTINUE 


DIFF^0IFF-srcWtRflD3e0.blFFI ! 



too 


1 


RB=-BB 


0IFF= 

-DIFF 

DIfl=- 

l. 


r 

S 

r 


CONT. ON FG- 5 
Figure B-2,- Continued. 


PH5PL.N 
EG JJ 1 


B-; 








SCO 2 

IcontThueI 

_3_ 

RRUSOfir:-2.*Rf?*(OIFF~C51 ) 
ru (Rfl-BBl)»Cl 

-j- 


COAT. QiJ PO E PHSPlN 

ea..sj 

Figure B-2.- Continued. 


B-8 








CONT. OM PG- 


Figure B-2.- Continued, 


PHSPLN 

PI T R OF -10 


Ii-9 


OWGINal, pa,... r 
0 $ Pood & 

•°* Qvunx 










CONT. Ohl PG- 8 PH5PLM 

PPt 7 OP 111 


Figure 11-2.- Continued. 


B—10 












F 



CQNT. ON PO 9 PH5PLN 

eg fl—DE m 

Figure B-2.- Continued. 


13-11 












’ 2 











ORIGINAL PAGE IS 
PE POOR QUALITY) 



Figure B-2.- Concluded, 


PH5PLFJ 

PIt in 


.3 






76FM98 


APPENDIX C: TARGETING FLOW CHARTS 

The following flew charts define the targeting function for the entry processor. 


Function 

Figure 

Number of flow oharts 

EGRT-EXEC 

C-1 

1 

EGRT-SEQ 

C-2 

1 

EGRT-CHACRC 

c-3 

1 

EGRT-CHACEFC 

C-H 

1 

EGRT-BV 

C-5 

1 

EGRT-BVCHAC 

C-6 

1 

EGRT-COSTHETA 

C-7 

1 

EGRT-DWP1 

C-8 

1 

EGRT-DVNEP 

C-9 

1 

EGRT-DELAZ 

C~10 

1 


C-1 



DV..T-EXEC 



Figure C-l,- EGRT-EXEC, targeting executive logic. 


C-2 














EGRT-SEQ 



figure C-2,- EGRT-SEq> targeting logic sequence controller. 


C-3 






















EGRT-CHACRC 



TMFW . 

IF M < WTGS1 jyy 

RC(1) * XHACL 


ELSE 


RC(1) » XHACH 

RC(2) - 
RC(3) * 

YSGN RFO 
0. 


Figure C-3.- EGRT-CHACRC, center heading alinement 
cone - runway coordinate system. 



EGRT-CHACEFC 




[HACEF] = 

[REC] _1 [RC] 


Figure C-4.- EGRT-CHACEFC, center heading alinement circle 

Earth-fixed coordinates. 


C-5 





VNORM(l) = XYZE(2)RCCEF(3) - XYZE {3 ) RCCEF (2 ) 
VrtOKM(2) = XYZE 3) RCCEF 1 - XYZE{1 ) RCCEF (3) 
VNOFM(3) = XYZ£(1)RCCEF(2) - XYZE(2)RCCEF(1 ) 


RVEHMG = /XYZE(l) 2 + XYZE(2) 2 + XYZE(3) 2 
To = VN0UM(3)RVEHMG 

T4 = VNORM(l)XYZE^) - VN0RM(2) XYZE (1 ) 
BARVEH = ATAN2(T3, i4) 

RCHMAG = /rCCEF(I) 2 +~RCCEF(2) 2 + RCCEF(3) 2 
SINB = RTURN/RCHMAG 


Figure C-5.- EGRT-BV, bearing of vehicle. 


C-6 







EGRT-BVCHAC 



Figure C-6.- EGRT-BVCHAC, bearing to center of alinement circle. 


C-7 




EGRT-COSTHETA 



C-8 







EGRT-DWP1 


STHVC = s/ MCRT01 - CTHVC 2 

CTVWP1 = CTHV'C + MCRT02 CTHVC SINB 

SBARCR = SINB/STHVC 

TEMP « CTVWP1 SBARCR 

TEMP = AMIN1 (1 . ,AMAX1 (TEMP,-! . }) 

A2 - ACOS(TEMP) 

TEMP = CTVWP1 

TEMP = AMINlfl. ,AMAX1 (TEMP,-!.)) 
DVEWP1 = ACOS(TEMP)RCHMAG 


Figure C-8.- EGRT-UWP1, distance to WP1. 


c-9 





EGRT-DVNEP 



Figure C-9.- EGRT-DVNEP, range- to-threshold point. 
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Figure C-IO,*- EGRT-DELAZ, aztmuth error. 
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APPENDIX D: IBM AUTOPILOT FLOW CHARTS 

The flow charts presented in this appendix represents IBM's response to the re- 
quirements set forth in this document. The autopilot model for the MCC will be 
programed by IBM from the flow charts contained in this appendix. 
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Figure 0-1.- Entry autopilot. 
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Figure D-1.- Continued 













SliBROU'i JNE RAPPLN (ROLL. ROLLC, HR, RRM, RA. ADB, ROB, DTiM, 
INTRY, RAD160, RAD1B0, RAD360, DTR) 


Figure Continued 
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Figure D-].- Coriiinued, 
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SEGMENT NORM 


Figure U-l.- Continued, 
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This Segment Is Used For Two Purposes. 

1. Most Common Use Is When DfFF Is Shorter Than 
Distance To Speed flailing To Marc IRRMJ Plus 
Slowdown Debtees 1C4]. Here RR1 Is IWax Velocity 
Reached At Stan Of Slowdown. 

2. A Second Use Is When Initial Roll Rate ts Away 
From ROLLC. Here RR1 Is Max Roll Rate 
Reached Coming Back To ROLLC After Stipping. 

T2 Is The Time At RRt 

T4 Is Total Tr.'mr To Reduce DEFF To Zero. 
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Figure D-1.- Continued 
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Figure D-1.- Continued 









ft U.S. GOVERNMENT PRINTING OFFICE: 1980 -671 093/ 182 



ROLL* 
ROLLC - 
DJFF 



SEGMENT FINISH 


Figure D-T,- Concluded 








